ABSTRACT -Background -Ostomy is a surgical procedure that creates a stoma that aims to construct a new path for the output of feces or urine. The relationship of oxidative stress (OxS) markers in patients with ostomy is still poorly described. Objective -The present study was aimed at investigating the changes in oxidative stress parameters in peripheral blood collected from ostomy patients when compared with a healthy control group. increase in the levels of oxidative DNA damage in colon segments without transit, when compared with segments which have fecal stream, independent of the duration of exclusion (11) . OxS refers to an imbalance between pro-oxidants and antioxidant agents. Therefore, there is an increase in the production of reactive oxygen species (ROS). Antioxidant mechanisms or changes can lead to damage to cellular components such as DNA, proteins and lipids (12) . Besides ROS, there are also the reactive nitrogen species (RNS), such as nitric oxide (NO) and peroxynitrite (ONOO), which can also induce damage to biomolecules (13, 14) . In this context, the present study was aimed at investigating the changes in oxidative stress parameters (Lipid hydroperoxide, Carbonyl, in peripheral blood taken from ostomy patients when compared to those collected from subjects in a healthy control group.
INTRODUCTION
The term Ostomy originates from the Greek designative meaning mouth or opening, and is used to indicate the externalization of any hollow viscera through the body for various causes. It is a surgical procedure in which various body segments are given different names. There are routes for fecal and urinary elimination (frequent in clinical practice), and others such as gastrostomy, tracheostomy and esophagostomy, all of which have different purposes and directions (1) . This article focuses on the ostomy relating to fecal and urinary elimination. There are several reasons why a person will need to be operated on to build a stoma, such as in colon or rectal cancer, diverticulitis with severe peritonitis, intestinal infarction, severe trauma and also in complex anal problems; among the more common incidents are colorectal cancer and diverticular disease (2) . The United Ostomy Association of America (UOAA) (3) estimates that around 750.000 to 1.000.000 people in the United States are living with an ostomy (access in 2016), with approximately 100.000 people undergoing operations each year (4) . There are two main types of ostomy, fecal and urinary, which can be divided in permanent or temporary (5) . Colostomy is performed in the large intestine (6) ; the ileostomy is performed in the small bowel (7) , and finally, the urostomy consists of redirecting the normal course of urine, which is similar to an intestinal stoma (8) .
The relationship of oxidative stress (OxS) markers in patients with ostomy is still poorly described. Findings are mostly from preclinical studies, which have described oxidative deoxyribonucleic acid (DNA) damage (9) (10) (11) . The colonoscopy leads to a significant Increased oxidative stress in the blood of ostomy patients increase in the levels of oxidative DNA damage in colon segments without transit, when compared with segments which have fecal stream, independent of the duration of exclusion (11) . OxS refers to an imbalance between pro-oxidants and antioxidant agents. Therefore, there is an increase in the production of reactive oxygen species (ROS). Antioxidant mechanisms or changes can lead to damage to cellular components such as DNA, proteins and lipids (12) . Besides ROS, there are also the reactive nitrogen species (RNS), such as nitric oxide (NO) and peroxynitrite (ONOO), which can also induce damage to biomolecules (13, 14) . In this context, the present study was aimed at investigating the changes in oxidative stress parameters (Lipid hydroperoxide, Carbonyl, 3-nitrotyrosine, 8-isoprostane, and 4-hydroxynonenal) in peripheral blood taken from ostomy patients when compared to those collected from subjects in a healthy control group.
METHODS

Subjects
The present study was approved by the Ethics Committee of the Universidade do Extremo Sul Catarinense (UNESC), protocol number: 787.325, in accordance with the recommendations of the Declaration of Helsinki and the resolution nº 196/96 of the National Health Council on research involving humans. The study evaluated 29 ostomy patients and 30 healthy control patients, recruited from among those enrolled in the Nursing Clinic of the UNESC, located in the city of Criciúma, Brazil. Patients were only included in the study after signing the Subject Information and Consent Form.
Sample collection
From each subject, 10ml of peripheral blood were drawn by venipuncture into a vacuum tube. The blood was immediately centrifuge at 3000 x g for 5min, and the serum was stored at -80ºC for subsequent assay. Total protein was measured by Lowry and colleagues (1951) method using bovine serum albumin as a standard.
Lipid hydroperoxide of peripheral blood (LPO)
For the quantitative measurement of LPO (Enzyme-Linked Immunosorbent Assay) in serum of peripheral blood mononuclear cells was used ELISA kit Cayman Chemical Company (No. 705003).
Protein carbonyl content of peripheral blood
For the quantitative measurement of protein carbonyl (Enzyme-Linked Immunosorbent Assay) in serum of peripheral blood mononuclear cells was used ELISA kit Cell Biolabs, INC.
(STA-310-5).
3-nitrotyrosine of peripheral blood
For the quantitative measurement of 3-nitrotyrosine (EnzymeLinked Immunosorbent Assay) in serum of peripheral blood mononuclear cells was used ELISA kit Cell Biolabs, INC. (STA-305-5).
8-isoprostane of peripheral blood
For the quantitative measurement of 8-isoprostane (EnzymeLinked Immunosorbent Assay) in serum of peripheral blood mononuclear cells was used ELISA kit Cayman Chemical Company (No. 516351).
4-hydroxynonenal of peripheral blood
For the quantitative measurement of 4-hydroxynonenal (Enzyme-Linked Immunosorbent Assay) in serum of peripheral blood mononuclear cells was used ELISA kit Cell Biolabs, INC. (STA-334-5).
8-OH-deoxyguanosine of peripheral blood
For the quantitative measurement of 8-OH-deoxyguanosine (8-OHdG) (Enzyme-Linked Immunosorbent Assay) in serum of peripheral blood mononuclear cells was used ELISA kit Cell Biolabs, INC. (STA-320-5).
Statistics
Data were analyzed using the Statistical Package for Social Sciences (SPSS) software, version 22.0 (IBM Corporation, Armonk, NY, USA). Normality distribution of data was determined using of biochemical data was examined by Shapiro-wilk test. Biochemical test showed normal distribution in the statistical test. To identify the differences between groups (ostomy versus healthy control patients) of biochemical variables we used Student t test. For the non-parametric variable used the Wilcoxon test. In the characteristics of the patients used Fisher´s exact test. Differences were considered significant P values ≤0.05.
RESULTS
The TABLE 1 showed characteristics of the ostomy patients when compared to healthy control, the data indicated groups were homogeneous regarding age, gender, smoking, alcoholic, other diseases, and menopause and hormone replacement therapy in Independent-samples t test, data are expressed as mean ± SD, differences between ostomy versus control patients, P<0.05 were considered to be statistical significant.
In the FIGURE 1, it can be observed parameters of lipid damage. It was found an increase of lipid hydroperoxide (LPO) (t=8.46, df=58 P<0.001) (FIGURE 1A) 4-hydroxynonenal (4-HNE) (t=27.58, df=58, P<0.001) (FIGURE 1B), and 8-isoprostane (t=59.70, df=58, P<0.001) (FIGURE 1C) in serum from ostomy patients compared to health controls.
FIGURE 1. Lipid oxidation parameters in serum from ostomy patients compared to health controls. Lipid hydroperoxide (LPO) (A), 4-hydroxynonenal (4-HNE) (B), and 8-isoprostane (C).
The results are expressed as the mean +SD. *Differences between ostomy patients versus health controls. P≤0.05 were considered to be statistical significant from t test.
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In the FIGURE 2, it can be observed parameters of protein damage. It was found an increase of protein carbonylation (t=13.10, df=58, P<0.001) (Figure 2A ) and 3-nitrotyrosine (t=17.89, df=58, P<0.001) (FIGURE 2B), a product of protein tyrosine nitration, in serum from ostomy patients compared to health controls.
hydroperoxides of both satured and unsatured lipids, measured by 4-HNE, which is a measure of polyunsaturated fatty acids (PUFs) and hydroperoxides (16) . The 8-isoprostane belongs to the family of eicosanoids, which are of non-enzymatic origin and produced by the random oxidation of tissue phospholipids by oxygen radicals (17) . Protein damage may be caused by the reactions of amino acid residues with ROS, especially OH•, catalyzed by Fe 2+ and cupric (Cu 2+ ), which introduces carbonyl groups in lysine, proline, arginine, and threonine residues, thus the quantification of carbonyl groups is a marker of oxidative damage to proteins (18, 19) . 3-nitrotyrosine is a specific biomarker of protein nitration, because it reacts with peroxynitrite, which is the most harmful product created by the reaction between nitric oxide and superoxide anion (20) . DNA is probably the most biologically significant target of oxidative attack. The most common marker of oxidative DNA damage is 8-OHdG, which plays an essential role in the induction of spontaneous mutations, and is the most representative product of oxidative modifications of DNA. The formation of 8-OHdG is a ubiquitous marker of oxidative stress, and one of the byproducts of oxidative DNA damage (21, 22) . As pointed out earlier, the present study is the first to discussed relationship between ostomy and oxidative stress parameters. The biochemistry effects of ostomy is poor related in the literature, and the studies related to ostomy and oxidative stress are still limited to animal model. Therefore, more studies are necessary to improve the knowledge about this condition. In a previous preclinical study, which utilized an animal model of diversion colitis, Wistar rats were subjected to a deviation of the fecal stream by proximal colostomy and a distal mucosal fistula, after which the authors evaluated the levels of oxidative DNA damage to epithelial colon cells, comparing segments with and without fecal stream. It was demonstrated that rats which had colon segments without a fecal stream had a higher histological inflammatory response that increased with the time of diversion. The activity of myeloperoxidase in segments without fecal stream decreased over the same period of time. In addition, the same study also demonstrated that the levels of oxidative DNA damage were significantly higher in the segments without fecal stream, regardless the length of time that the colon diversion was maintained for, and showed that this damage increased with time (11) . In the present study, it was shown that ostomy induced DNA damage in the serum collected from ostomy patients. Since 80% of the patients in this study have colostomy, it can be suggested that the damage to the colon epithelium may be extended to the serum from ostomy patients.
In another study, Longatti et al. (23) evaluated the temporal inflammatory alterations in the refunctioned colon of rats by analyzing their histological results, infiltrating neutrophils, proinflammatory markers such as cyclooxygenase (COX)-2 and inducible nitric oxide synthase (iNOS), and DNA damage in isolated colonocytes. This was undertaken in an animal model using surgical techniques to divert the fecal stream, and with colitis induced by 2,4,6-trinitrobenzene sulfonic acid. The authors suggested that through the inflammatory course, DNA damage could be associated with neutrophil infiltration and the generation of cytokine and ROS by neutrophils.
The deleted intestinal segment of the fecal stream can present inflammatory processes as diversion colitis, which is described as an inflammatory process that occurs in the colorectal segments excluded from the fecal stream (24) . This is characterized by the infiltration of white blood cells into the colonic mucosa, resulting in tissue destruction (25) . The deficiency of short-chain fatty acids inside FIGURE 2. Protein damage parameters in serum from ostomy patients compared to health controls. Protein carbonylation (A) and 3-nitrotyrosine (B). The results are expressed as the mean +SD. *Differences between ostomy patients versus health controls. P≤0.05 were considered to be statistical significant from t test.
In the FIGURE 3, it can be observed parameters of DNA damage. It was found an increase of 8-OHdG (t=26.87, df=59, P<0.001) in serum from ostomy patients compared to health controls. 
DISCUSSION
The investigation of peripheral parameters of oxidative stress in ostomy patients is still poorly described in the literature. The present study is the first to provide evidence of a significant increase in lipid peroxidation and protein damage in ostomy patients. It was observed that there was an increase of lipid hydroperoxide, 8-isoprostane, 4-HNE, protein carbonyl, 3-nitrotyrosine, and 8-OHdG in the serum from ostomy patients when compared to the healthy control patients.
The LPO quantification is widely used as a marker of lipid peroxidation, which occurs in response to oxidative stress, as a great diversity of different aldehydes are formed when lipid hydroperoxides break down within a biological system (15) . Lipid peroxidation results in the formation of highly reactive and unstable
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the intestinal lumen was considered the main etiologic factor. Once damaged, the epithelial barrier is no longer able to exclude highly immunogenic fecal bacterial antigens from invading the normally sterile submucosal tissue (24) . The absence of passing fecal matter is an intestinal biological imbalance which may cause a change in the energy metabolism of the epithelial cells, thus leading to excessive ROS (25) . Activated neutrophils produce reactive oxygen and nitrogen species within the intestinal mucosa, which induces' oxidative stress (26) , with hydrogen peroxide to be considered a primary etiologic agent in the pathogenesis (25) . The initial process for a trigger of colitis occurs at the interface between the epithelial cells and the basement membrane via excessive (25) (26) (27) (28) . Together these studies suggest that in inflammatory conditions reactive oxygen species are produced, contributing to proteins, DNA and lipids damage.
CONCLUSION
In conclusion the present study is the first to provide evidence of a significant increase in oxidative damage to lipid, DNA and protein, evaluated through of markers: LPO, 8-isoprostane, 4-HNE, protein carbonyl, 3-nitrotyrosine, and 8-OHdG in the serum from ostomy patients when compared to the healthy control patients.
More studies are needed to analyze the long-term damage of oxidative stress and its consequences in the body of patients with ostomy.
Limitations of study
The main limitation of this study was the lack of a cancer group without ostomy, as the cancer itself also leads to oxidative stress. For such questions we performed an evaluation subdividing the ostomized group with: cancer and without cancer; we did the statistical analysis through Independent-samples t test, did not present significant difference. Excluding the possibility that the parameters of oxidative stress evaluated in ostomized patients are of cancer origin. In addition, a longer period of monitoring with further analysis of oxidative stress parameters can help to predict whether oxidative stress is associated with the severity of the disease, and the possible reversal of the ostomy. Therefore, further studies are needed to help us discover the true relationship between ostomy and oxidative stress. Another important limitation of the present study was the lack of analysis of how many patients had inflammation due to intestinal disuse.
